RADIO COMMUNICATION LINE WITH THREE- 
DIMENSIONAL MODULATION 



Patent number: 
Publication date: 
Inventor(s): 

Applicants): 
Classification: 
- international: 
- european: 
Application 



RU2152132 (C1) 
2000-06-27 

ZAPLETIN JU V; BEZGINOV I G; ELFIMOVA T I; ZAPLETINA 

OA-f 

J Nil SVJAZI; GUP VORON + 
H04B7/02; H04B7/02; (IPC1-7): H04B7/02 
RU1 99901 01 681 19990126 



number: 

Priority number(s): RU1 9990101681 19990126 



Vkw INPABOC pvttmx family 
View IHt ef citing documents 

Abstract of RU 2152132 (C1) 

Translate this text 

radio communication, in particular, space and earth communication systems. 
SUBSTANCE: transmitting part of device has power splitter, two amplitude 
modulators, paraphase amplifier, and two transmitting antennas. Receiving part of 
device has two receiving antennas, adder, subtraction unit, low-pass filter, quarter- 
phase shifter, and demodulator. State-of-the-art device has low stability to noise in 
cases, when discrete complex phase-shift keyed signals are used, which are better 
than wide-band frequency-modulated signals. Goal of invention is achieved by 
introduced carrier frequency oscillator, and angular modulation unit at transmitting 
part, and two tuned filters, correlation receiver, band-pass filter, amplitude clipper, 
key mixer and delay gates. Level of stability to noise depends on bandwidth of 
tuned filters. EFFECT: increased stability to noise. 10 dwg 
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(54) JlWHHfl PAflHOCBfl3M C flPOCTPAHCTBEHHOM MOflyJIflU.MEM 



(57) PecpepaT: 

ripeflrio>KeHHoe ycTpoPicTBO othochtch k 

06naCTM paAMOCBfl3H H MO>KeT 6blTb 
HCnO/lb30BaHO B KOCMMHeCKHX M Ha3eMHblX 

CHCTeMax CBS3M, Mcnonbsyromux 
npocTpaHCTBeHHyro MOflynfli^nKD. JIuhma 
paflMOCBa3n, coflep>Kainaa Ha nepeflaioineR 

CTOpOHe pa3BeTBHTejlb moluhoctm, flBa 

aMnnnTyAHbix MOflynaTopa, napacpa3HbiPi 
ycunnTenb n flBe nepeAanDiAHe aHTeHHbi, Ha 
npneMHOM CTopoHe flBe npneMHbie aHTeHHbi, 
cyMMaTop, BbiHMTaTerib, $HH, cpa30BpamaTenb 
Ha 90° v\ AeMOAynflTop. OAHaKo AaHHoe 
ycTpoticTBO oSnaflaeT HeAOdaTOHHOM 
noMexo3aiAHLneHHOCTbK) b cnynae npuMeHeHna 
AncKpeTHbix cocTaBHbix nacTOTHbix curHanoB c 
cpa30BOM MaHi/inyjiflL^neM, MMeroiAwx paA 
npenMymecTB nepeA LunponononocHbiMM OM 



CMmanaMM. BBeAeHne reHepaiopa Hecymefl 
nacTOTbi m 6/ioKa ymoBofl MOAynaL^nn Ha 
nepeAaioiAeti CTopoHe, a Taioxe AByx 
nepecTpanBaeMbix cpn/ibTpc-B, KoppenamiOHHoro 
npuBMHMKa, no/iocoBoro cpmibTpa, 

aivinnMTyAHoro orpaHHHmena, CMecnTena 
KnioneM n GneMeHTOB 3aAep>KKM no3Bonnno 
yBennH/iTb noMexo3aiAMiiieHHOCTb, Ben/iHUHa 
KOTopofi onpeAenaeTcn no/iocaMH 
nepecTpaHBaeMbix cpki/ibTpoB, hto h nBJiHeTcn 
AOCTuraeMbiM TexHM49CKMM p93ynbTaTOM. 9 nn. 
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(54) RADIO COMMUNICATION LINE WITH THREE- DIMENSIONAL MODULATION 



(57) Abstract: 

FIELD: radio communication, in 
particular, space and earth communication 
systems. SUBSTANCE: transmitting part of 
device has power splitter, two amplitude 
modulators, paraphase amplifier, and two 
transmitting antennas. Receiving part of 
device has two receiving antennas, adder, 
subtraction unit, low-pass filter, 
quarter-phase shifter, and demodulator. 
State-of-the-art device has low stability to 
noise in cases, when discrete complex 
phase-shift keyed signals are used, which 
are better than wide-band 

frequency-modulated signals. Goal of 



invention is achieved by introduced carrier 
frequency oscillator, and angular modulation 
unit at transmitting part, and two tuned 
filters, correlation receiver, band-pass 
filter, amplitude clipper, key mixer and 
delay gates. Level of stability to noise 
depends on bandwidth of tuned filters. 
EFFECT: increased stability to noise. 10 dwg 
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ripeAnaraeMoe ycipoMCTBO othochtch k 
o6nacTM papytocBmiA v\ MoxeT 6biTb 

HCn0Jlb30BaH0 B KOCMMHeCKMX M Ha3eMHblX 

cucTeiviax CBA3M, ncnonb3yioLAMX 
npocTpaHCTBeHHyio uopynnuyuo. 

M3BeCTHbl yCTpOMCTBa ATlfl paflHOCBf13H c 

noBTopHbiM ncnojib30BaHneM MacTOTbi (cm. naT. 
CLUA N 4087818, naT. flnoHHM N 54-41858), b 

KOTOpblX nOBTOpHOe MCnonb30BaHMe HaCTOTbl B 

ycnoBunx H3MeHeHHH napaMeTpoB cpeflbi 
pacnpocTpaHeHMfi ci/imanoB n H3MeHeHHH 
B3anMHoro pacnono>KeHMsq aHTeHH flocTuraeresi 
3a CHeT o6ecnei-ieHHfi opraroHanbHoc™ no 
nojiflpn3ai4HM flByx oflHOBpeMeHHO 
nepeflaBaeMbix CMmanoB c KpyroBofi nnn 
nnHei^Hoti nonfipn3ai4MeM. OflHaKO stu 
yCTpOMCTBa H3-3a BblCOKMX Tpe6oBaHn£i K 

tohhoctm o6ecneHeHM3 opToroHanbHoc™ no 
nojiflpn3aunn nepeaaBaeMbix curHanoB v\ue\oi 
cno}KHyK> cucTeMy aBTonoflCTpoPiKH, 
ncnonb3yioi^yio cneu,nanbHbie ni/moT-ci/irHanbi. 
KpoMe Toro, npniweHeHne nunoT-curHanoB 
Tpe6yeT BbifleneHMfi flonoiiHMTeribHbix 
nacTOTHbix KaHanoB, He coBnaflaioinMX co 
cneKTpoM nepeflaBaeMbix curHanoB, hto 

CymeCTBeHHO yCnO>KHfleT KOHCTpyKLlMK) 

ycTpoticTBa n yxyfliuaeT era 

noMexo3amnmeHHOCTb. 

H3BecTHO Taioxe ycTpoCicTBO no a.c.N 
1141978, coflep>KaL4ee Asa KaHana, b oahom m 
KOTopbix MHctDopMaqua nepeflaeTca c 
i/icnoiib30BaHneM yrnoBoR MOflyrifli4MH, a bo 
btopom KaHane - c ncnonb30BaHneM 
flonoriHUTeribHOM MOAyn*mnn curHanoB no 
nonflpM3au,nn bo/ih, no3BonflK)LAeM nepeflaBaTb 
flonoriHUTeribHyio HHCpopMaqHK) (noBTopHO 
ncnorib30BaTb HacroTy). 

OflHaKO b cny-iae ncnonb30BaHHfi 
LunpoKononocHbix curHanoB, hto xapaKTepHO 

Ann COBpeMeHHblX CHCTeM CBH3M, HM3K3 

noMexoycToiiHMBOCTb npneMa HHCpopMai4MH no 
BTopoMy KaHany, o6ycnoBneHHaa HH3Koti 
noMexoycTO^MMBOCTbio onopHoro curHana 
CMHxpoHHoro ASTeKTopa. 

Han6onee 6nn3KMM no TexHUHecKOM 
cyiAHOCTH k 3aflBnFeMOMy o6-beKTy ABnaeTCJi 
ycTpoPicTBO c noBTopHbiM ncnonb30BaHneM 
nacTOTbi no naiem-y PM 2001531 C1, npuH^Toe 
3a npoTOTun. 

4>yHKi4HOHanbHan cxeMa 
ycTpoPicTBa-npoTOTuna npuBeAeHa Ha cpwr. 1 , 
rAe BBeAeHbi o6o3HaHeHna: 

1 - reHepaTop curHanoB, 

2 - pa3BeTBHTenb molahocth, 

3, 4 - nepBbiPi n BTopoCi aivinnnTyAHbie 
MOAynsTopbi, 

5 - npoTHBOcpa3Hbiti ycunnienb, 
6, 7 - nepeAaiomne aHTeHHbi, 
8, 9 - npweMHbie aHTeHHbi, 

10 - cyMMarap, 

1 1 - BbNUTaTenb, 

12 - cjDa30BpainaTenb Ha 90°, 

13 - nepeMHO>KHTenb, 

14 - AeMOAynsiTop ochobhoto coo6"meHns, 

15 - (£nnbTp HTOKHHX H3CT0T (<t>HH). 
YCTpOMCTBO-npOTOTMn COAepjKMT Ha 

nepeAaioLAePi crapoHe reHeparap cumanoB 1 , 
BbixoA KOToporo coeAHHeH co bxoaom 
pa3BeTBMTenq molahoctm 2, nepBbiPi n Brapotf 
BbixoAbi Koraporo cooTBeTCTBeHHO nepe3 
nepBbM 3 h BTopoti 4 aivinnnTyAHbie 
MOAynnTopbi coeAHHeHbi c nepBofi 6 h BTopoti 7 
nepeAaioiAHMM aHTeHHaMM, nepBbiM n btopom 
BbixoAbi npoTHBOcpa3Horo ycunnTenn 5 
coeAHHeHbi c ynpaBnnKiLAMMM bxoa3mm 
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aiunnMTyAHbix MOAynnTopoB 3, 4 
cooTBeTCTBeHHO, a bxoa flBnaeTcn bxoaom 
AononHHTenbHoro cooeiAeHMfl ycTponcTBa, Ha 
npneMHoti crapoHe nepByro 8 v\ BTopyio 9 
npneMHbie aHTeHHbi, BbixoAbi KOTopbix 

COeflUHeHbl COOTBeTCTBeHHO c nepBbiMM M 

BTopbiMn BXOAaMU cyMMaTopa 10 m BbNMTaTenn 
1 1 , BbixoA BbNUTaTenn 1 1 nepe3 
nepeMHOJKMTenb 13 coeAHHeH co bxoaom OHM 
15, bhxoa KOToporo HBfifleTCfi AononHHTenbHbiM 
BbixoAOM ycTpoticTBa, bnxoa cyMMaTopa 10 
nepe3 qba30BpamaTenb Ha 90° 12 coeAMHeH c 
ApyruM bxoaom nepeMHO)KMTena 13 n co bxoaom 
AeMOAyn^Topa ochobhoto coo6LAeHMfl 14, 
BbixoA KOToporo ABnaeTCfl ochobhum BbixoAOM 
ycTpo^cTBa. 

ycrpoPicTBO-npoTOTMn pa6oTaeT cneAyramuM 
o6pa30M. 

reHeparap cumana 1 , MOAynwpoBaHHbiM no 
cpa3e \mv\ Hacrare ochobhnm coo6iAeHneM, 
cjDopMnpyeT curHan BMAa 

U c (t) = V c cos ¥ (t), (1) 

rAe V c - aMnnnTyAa cumana; 

¥ (t) = ffl (t)+<p(t), 

a - ymoBafl nacTOTa; 

<p(t) - cpyHKquH M3MeHeHMfl cpa3bi curHana, 
cooTBeTCTByioLAan cj:a30BoCi nnn nacTOTHOM 

MOAynflL(MM OCHOBHbIM coo6iAeHneM. 

CurHan (1) nocTynaeT Ha bxoa pa3BeTBHTena 
molahoctm 2, rAe npon3BOAMTCfl pa3AeneHne 
molahocth nononaM m Ka)KAafl nonoBMHa sxov\ 
molahocth cooTBeTCTBeHHO c nepBoro n BToporo 
BbixoAOB nocTynaeT Ha BXOAbi nepBoro 3 v\ 
BToporo 4 aMnnMTyAHbix MOAynnrapoB, 
BbinonHeHHbix b bhas ynpaBnneMbix 
BbicoKonacTOTHbix ycunnTeneM. B hux 
aMnriMTyAa npoxoA^innx curHanoB M3MeHaeTC5i 
npoTMBOcpa3HO no 3aKOHy AononHMTenbHoro 
coo6iAeHMfi c noMOLAbio Hanpn>KeHnR, 
CHMMaeMbix c npoTHBOcpa3Horo ycunnTena 6. 
npn 9tom curHaribi Ha BbixoAax MOAynfiTopoB 3, 

4 HMelOT BHA 

U 3 (t) = V[1+f(t)]cos v (t), (2) 
U 4 (t) = V[1-f(t)]cos ¥ (t), (3) 
rAe V - aMnnnTyAa. 

f(t) - cpyHKU,M3 M3MeHeHns aivinnnTyAbi 
curHana, cooTBeTCTByioiAaa AononHHTenbHOMy 
coo6iAeHMio. 

Cumanbi (2) n (3) M3nyHaioTCfl b 
npocTpaHCTBO nepeAaioiAMMM aHTeHHaMU 6, 7. 

Ha tipm. 2 noKa3aHO pacnono>KeHne b 
npocTpaHCTBe nepeAaioiA^x 6, 7 n npneMHbix 8, 
9 aHTeHH. 

nepeAaioiAne n npneMHbie aHTeHHbi 
pacnonaraioTcs cuMMeTpuHHO OTHOcnTenbHO 
ocu 00 1 , coeAHH^ioiAePI cepeAMHbi 6a3 
aHTeHH dj, dR. Mbi paccMaTpuBaeM cnynaCi, 
KorAa HeT pa3B^3KM Me>KAy nepeAaioiAHMM 6, 7 n 
npneMHbiMM 8, 9 aHTeHHaMU, mto MMeeT MecTO 
npn Zj « dj, Zr << dR, 

rfle Zj. Zr - pa3Mepbi anepTyp nepeAaiomux 
n npneMHbix aHTeHH. 

B 3tom cny-iae AnarpaMMbi HanpaBneHHOCTM 
aHTeHH npaKTMHecKH nonHOCTbio 

nepeKpbiBaioTCFi. 

Ha BbixoAax npneMHbix aHTeHH 8, 9 nonynuM 
cumanbi 

U Ct) = V C 1 + f <t)J oosl|ICt> + 
8 n 

+ V C 1-f Ct>l cosE l|ICt> Alpl , C4> 
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Aip = wit = w — 



rfle V n - aMnriMTyfla CHmana b MecTe 
npneiwa, ooycnoBneHHafl M3nyHeHMeM oflHOM H3 
nepeflaioiflux aHTeHH; 

a<p - pa3H0CTb cpa3, B03HMKaioLflaH ot 
pa3H0CTM xofla nynew, KOTopaa onpeflenHTCs kbk 
Ai 
c 

rfle At - BpeMfl, Heo6xoflMMoe ppn 
npeofloneHMfi paflMOBonHofl paccraaHHfi A l 
(pa3HOCTH xofla nyMeti); 

C - CKopocTb CBeTa. 

TaK KaK Q w to j 

C = A 

zn 



Aip 



znAi 



(6> 



M3 reoMeTpuMecKwx nocipoeHUM Ha cpur. 2 
cneflyeT, hto 

i (d td 1 

A Q T Tl T 

Al = d sinU = . (7) 

t ZD 

rioflCTaBUM (7) b (6) m nonynuM 

nd (d *d > 

t T K T 

Aip = ^ , <8, 

rfle x - flnMHa BoriHbi 

D - paccTOfiHMe Me>Kfly nepeflatoiflefi h 

npneMHofi aHTeHHaMH. 

Ha Bbixoflax cyMMaTopa 10 n BbNUTaTena 11 

6yflyT flencTBOBaTb cumajibi 

U=(t) = 2V n {cos H ,(t)+cos[ v (t)- A(p ]} , (9) 
U A (t) = 2V n f(t){cos v (t)-cos[ v (t)- A9 ]} . (10) 
flocne npeo6pa30BaHMfl nonyHHM 



4V cos 

Tl 



Alp 



(11) 



U,(t> = 4V f<t)sin 

A ¥1 



Alp 



? --n IpCt)- (1Z> 

M3 Bbipa>KeHnPi (11), (12) bmaho, hto curHan 

0 Bbixofla cyMMaTopa 10 HiueeT ranbKO yrnoByio 
MOflynflLinio cjDyHKM,Mefi cp(t) (nocKO/ibKy ^(t) 
= co(t)+cp(t), a onrHan c Bbixofla BbNUTaTena 11 
niwesT KaK yrnoByio, TaK n aMnriHTyflHyio 
MOflynsi4HK) cpyHKU,netf f(t). HeooxoflMMO 
oTMeTHTb, hto 3Ta aMnnHTyflHaa MOflynau,nfl 
ecTb pe3yribTaT npocTpaHCTBeHHofi Mopynsu\wv\ 
cumana, H3nyHaeMoro nepeflaroiflMMH 
aHTeHHaMM . 

PaflnonnHHK) cbh3h c flononHnrenbHotf 
npocTpaHCTBGHHOM MOflynsi4wei/i cwmana mo>kho 
paccMaTpuBaTb KaK flByxKaHanbHyro. OneBWflHO, 
hto K03cjDcjDMi4neHTbi nepeflanw cnmanoB b 
KaHanax yrnoBow m npocTpaHCTBeHHofi 

M0flyjlfll4HM flBf13IOTC3 nepMOflMHeCKMMM 

0yHKL(HflMH cflBura cpa3 A<p, Korapbitf ABJifleTcq 
cpyHKL(neCi paccTOAHMfi Me>Kfly aHTeHHaiwn Ha 
nepeflahoiflefi m npneMHOM crapoHax dj v\ d r, 

flailbHOCTH CBH3M fl H flflMHbl BOJlHbl X. llpH 

1 _ n 3th KosqbctDML^neHTbi nepeflaMM 
* " z * n 

paBHbl, npH 3T0M 



zVz«V cos |l|Kt>- ^j. 



zVz*V f(t)si 



C13J 



(14) 



U A (t) 

AMnnnTyflHO-MOflynnpoBaHHbiCi curHan (12) 
c Bbixofla BbiMMTaTena 11 nocTynaeT Ha bxoa 
i^enoMKH nocneflOBaTenbHO BKnioHeHHbix 
nepeMHO>KHTenfl 13 n OHH15. 

3Ta LienoMKa nrpaeT porib cnHxpoHHoro 
fleMOflynnrapa (cM.B.C.AHflpeeB "Teopnfi 
HeriMHePiHbix sneKTpunecKnx LienePi" M. "P v\ C" 
1982 r., CTp.100), Ha Bbixofle Koraporo 
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BbiflenaeTcn flononHHTenbHoe coo6ifleHne, 
nepeflaBaBiueecfl no KaHany npocTpaHCTBeHHOM 
MOflynaL(MH. 

MTo6bi Mcnorib30BaTb BbixoflHOM curHan 
cyMMarapa 10 b KanecTBe onopHoro flna 
CMHxpoHHoro fleMOflynfiTopa, era Heo6xoflMMO 
ccpa3npoBaTb co BxoflHbiM cnmanoM 3Toro 
fleMOflyriflTopa. flna 3Toro cny>KHT 
cf3a30BpamaT9nb Ha 90° 12. 

Ci/iman c Bbixofla c)Da30BpamaTejifl 12 
MOflynnpoBaH TonbKO no yrny. llosTOMy oh 
nocTynaeT flna fleMOflynai^MM no yrny Ha 
fleMOflyjiflTop ocHOBHoro coo6meHnn 14, Ha 
Bbixofle KOToporo BbiflenseTca ocHOBHoe 
coo6LfleHne, nepeflaBaBiueecfl no KaHany 
yrnoBoti MOflynsRunn. 

OflHaKO ycTpoMCTBO o6naflaeT 

H eflOCTa TOM H O M nOMeX03aLflMLfleHHOCTbK3 B 

cjiynae npMMeHeHMa flMCKpeTHbix cocTaBHbix 
nacTOTHbix cumajioB c qba30Boti MaHMnynanneiJi 
(flCM - <t>M), HMeioiflux pflfl npeMMyiflecTB nepefl 
ninpoKononocHbiMM OM ckimanaMH, 
ncnonb3yeMbiMM b npoTOTMne. KaK M3BecTHO, b 
ycnoBMflx B03fleticTBMfl noiviex c 
HepaBHOiwiepHoPi cneKTpanbHoPi nnoTHOCTbio 

JiyHUJUMM OKa3blBaiOTCfl curHanw, B 

HaHMeHbLiiew CTeneHU coBnaflatoiflne c 
aflflMTMBHbiM niyMOM. 3tomy ycnoBMio flCM - <t>M 
cuman yfloeneTBopqeT b 6onee nonHoCi Mepe, 
H6M curHan Liinc - OM, hto unniocTpupyeTCfl Ha 
cpur. 5, rfle M3o6pa>KeHa MacTOTHO-BpeMeHHaa 

nriOCKOCTb, Ha KOTOpOM LilTpUXOBKOl^ BbifleneHO 

pacnpefleneHMe SHeprnn flCM - <t>M cumana. 
SHeprufi LLinC - <t>M cumana pacnpefleneHa Ha 
nnoLflaflu F T paBHOMepHO. OKpanieHHbiPi myM 
npeflCTaBneH npeflenbHbiMH ABneHMSMM - 
y3KononocHoPi n MMnynbCHoPi noMexaMM 
(n3o6pa>KeHbi cnnoLUHOM lutpmxobkom) 

flnfl noBbiLueHna noMexosaiflULfleHHOCTM b 
ycTpodcTBO- npoTOTMn, coflep>Kaiflee Ha 
nepeflaioifleH CTopoHe 6noK yrnoBoii 
MoflynaL^nn, Bbixofl Koreporo coeflMHeH co 
BxoflOM pa3BeTBMTena moilihoctm, flBa Bbixofla 

KOTOporO COeflMHeHbl COOTBeTCTBeHHO c 

nepBbiMM BxoflaMM nepBoro n BToporo 
aivinn/iTyflHbix MOflyn^TopoB, BTopbie Bxoflbi 

KOTOpblX COeflMHeHbl C flByMfl BblXOflaMU 

napacj3a3Horo ycunHTenn, a Bbixoflbi 
npucoeflMHeHbi k aHTeHHaM, Ha np^eMHoti 
CTopoHe flBe npneMHbie aHTeHHbi 
npucoeflMHeHbi k flByM BxoflaM cyMMarapa n 
BbMHTaTenfl, Bbixofl cyMMarapa coeflUHeH co 
BxoflOM cpa30BpaiflaTenfl, fleMOflyjiarap m 
cpunbTp hmwhux nacTOT, BBefleHO Ha 
nepeflaioifleM CTopoHe reHepaTop HecymePi 

HaCTOTbl, BblXOfl KOTOporO COeflUHeH CO BTOpbIM 

BxoflOM 6noKa yrnoBOM MOflynfmnn; Ha 
npneMHoti CTopoHe nocneflOBaTenbHO 
coeflMHeHbi nepBbiti nepecTpanBaeMbiM cpuribTp, 
nepBbiCi sneMeHT 3aflep>KKM m CMHxpoHHbiM 

fleTeKTOp, BblXOfl KOTOporO COeflMHeH CO BXOflOM 
CpkinbTpa HH>KHMX HaCTOT, BblXOfl BbNMTaTenfl 

coefli/iHeH co BxoflaMM nepBoro 
nepecTpaMBaeMoro cjonribTpa m nepBoro Kjnona, 
Bbixofl Koraporo coeflMHeH co BxoflOM nepBoro 
sneMeHTa 3aflep>KKM, Bbixofl qba30BpaLflaTena Ha 
90° coeflUHeH co BxoflaMM Braporo 
nepecTpaMBaeMoro c|DnnbTpa m nepe3 btopom 
sneMeHT 3aflep>KKM c ynpaBJineMbiM BxoflOM 
Braporo KnioHa, nocneflOBaTenbHO 

coeflMHeHHbie nonocoBofl cjonnbTp, CMecnTenb m 

TpeTMM KJllOH, BblXOfl KOToporo COeflUHeH c 

BbixoflOM Braporo KnKOHa v\ nepe3 aMnnnTyflHbin 

OrpaHMHMTenb CO BTOpbIM BXOflOM CMHXpOHHOrO 

flereKTopa, Bbixofl Braporo nepecTpaMBaeMoro 
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cjanjibTpa coeflUHeH co bxoaom 
KoppejifiLinoHHoro npneMHMKa, n - bnxoaob 
KOToporo coeflUHeHbi cooTBeTCTBeH ho c n - 
BxoflaMM nepBoro n BToporo 
nepecTpanBaeMbiMn cjDHJibTpaMM, nepBbitf 
Bbixofl KoppenamioHHoro npneMHMKa coeflUHeH 
c ynpaBJiaeMbiM bxoaom TpeTbero Kniona n co 
bxoaom cf)a30HHBepTopa, bnxoa KOToporo 
npncoeflHHeH ko bxoabm nepBoro w BToporo 
KnioneM, BTopoM Bbixofl KoppenfiL^OHHoro 
npneMHUKa coeAMHeH co BTopbiM bxoaom 
CMecnTenn, TpeTHM bwxoa Toro xe npneMHUKa 
npncoeAHHeH ko bxoay nonocoBoro cpMnbTpa n 
HeTBepTbitf - ko bxoay AewoAynflrapa ocHOBHbix 
coo6meHnti. 

Ha dpur. 2 npuBefleHa cpyHKL^OHanbHasi 
cxeMa npeAnaraeivioro ycTponcTBa, rAe 
BBefleHbi o6o3HaHeHwn; 

1 - 6jiok ynnoBoH MOAynsmuM, 

2 - pa3BeTBMTenb molahoctm, 

3, 4 - nepBbifi n BTopoPi aiynnnTyAHbie 
MOflynjiTopbi, 

5 - napocpa3HbiM ycunnTerib, 

6 - reHepaTop HecyiiieR Macro™, 

7, 9 - aHTeHHbi c BepTHKanbHotf 
nojiflpn3ai4neM, 

8, 10 - aHTeHHbi c ropn30HTanbHoCi 
nojiflpn3ai4neM, 

1 1 - cyMMarap, 

12 - 6J10K pa3HOCTH, 

13, 24 - nepBbii/i n BTopoCi nepecipanBaeMbie 

CpHJlbTpbl, 

14, 18 - nepBbM m BTopoPi oneMeHTbi 
3aflep«KM, 

15 - CMHXpOHHbIM fleTeKTOp, 

16, 19, 20 - nepBbiM, BTopofi n TpeTufi ktikihh, 
17 - aMnnmyAHbiw orpaHUHHTenb, 

21 - cpa30BpainaTenb Ha 90°, 

22 - cpasoHHBepTop, 

23 - CMecHTenb, 

25 - nonocoBOM tfcmibTp, 

26 - Koppen^unoHHbifi npneMHMK, 

27 - fleMOAyrlflTOp OCHOBHblX coo6meHMM, 

28 - CjSHJlbTp HMJKHMX HaCTOT (OHM). 

npeAnaraeMoe ycTpoficTBO MMeeT 
cneAyKDinne cpyHKi_(MOHanbHbie cbh3m: Ha 
nepeAaromePi CTopoHe reHepaTop HecymePi 
nacTOTbi 6 nepe3 6j~iok yrnoBOM MOAynnL^M 1 
coeAMHeH co bxoaom pa3BeTBWTenn molahoctm 
2, Asa BbixoAa KOToporo cooTBeTCTBeHHO nepe3 
nepBbifi 3 n BTopoCi 4 aMnnmyAHbie 
MOAy/iflTopbi coeAHHeHbi c nepBOM 7 n BTopoti 8 
nepeAaroLAHMH aHTGHHaMM, BTopue BXOAbi 
aMnnnTyAHbix MOAynarapoB coeAHHeHbi 
cooTBeTCTBeHHO c BbixoAaMU napacpa3Horo 
ycunnTenn 5, bxoa KOToporo HBnseTCfl bxoaom 
AOnOJlHUTeflbHOM MHCpopMai^nn, a btopom BXOA 
6noKa yrnoBoPi MOAynfli4MM 1 flBnaeTcs bxoaom 
ochobhom HH0opMai4Hn; nepBaa 9 n BTopas 10 
npneMHbie aHTeHHbi coeAMHeHbi 

cooTBeTCTBeHHO co BXOAaMM cyMMaTopa 1 1 M 
BbNMTaTenn 12, BbixoA cyMMaTopa 11 nepe3 
cpa30BpaLAaTenb Ha 90° 21 coeAMHeH co 
BXOAaMU BToporo nepecTpaMBaeMoro cpunbTpa 
24 m BToporo sneMeHTa 3aAep>KKM 18, BbixoA 
KOToporo coeAHHeH c ynpaBnsioiAMM bxoaom 
BToporo KnioHa 19, BbixoA BbNHTaTejifl 12 nepe3 
nocneAOBaTenbHO coeAMHeHHbie nepBbiM 
nepecTpanBaeMbiti cfwnbTp 13, nepBbiM 3neMeHT 

33Aep>KKM 14, CUHXpOHHbM ASTeKTOp 15 H 
4>HJlbTp HM>KHMX HaCTOT 28 COeflMHeH C BblXOAOM 
yCTpOMCTBa AOnOJlHHTeJlbHOM MHCpOpMai4MH, 

bnxoa BbNUTaTenn 12, KpoMe Toro, nepe3 
nepBbM KJ1K3H 16 coeAMHeH co bxoaom nepBoro 
sneMeHTa 3aAep>KKM 14, bhxoa BToporo 
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nepecTpaMBaeMoro cpmibTpa 24 coeAHHeH co 
bxoaom Koppenai4MOHHoro npneMHMKa 26, n - 

BblXOAOB KOTOporO COeAHHeHbl COOTBeTCTBeHHO 

c n - BXOAaMM nepBoro 13 m BToporo 24 
nepecTpaMBaeMbix cpunbTpoB, nepBbiti buxoa 
Koppenai^noHHoro npneMHMKa 26 co bxoaom 
0a3OMHBepTopa 22 n ynpaBnaioLAUM bxoaom 
TpeTbero Kjnona 20, btopom bnxoa 
KoppenHL(MOHHoro npMeMHMKa 26 coeAMHeH c 

OAHMM H3 BXOAOB CMeCMTeflfl 23, a TpeTHM 

bhxoa Toro >Ke npneMHMKa nepe3 
nocneAOBaTenbHO coeAMHeHHbie nonocoBOM 
cpunbTp 25, CMecnTenb 23 n TpeTMfi Knion 20 
coeAMHeH co bxoa3mh BToporo icnioHa 19, m 
nepe3 aMnnnTyAHbifi orpaHMHMTenb 17 co 
BTopbiM bxoaom CHHxpoHHoro AeTeKTopa 15, 
BbixoA a>a30HHBepTopa 22 coeAMHeH co 
BXOAaMM nepBoro 16 w BToporo 19 KmoneCi, 
HeTBepTbiM >Ke bnxoa Koppenflu,noHHoro 
npMeMHMKa 26 nepe3 AeMOAynnTop 27 coeAMHeH 

C BblXOAOM OCHOBHblX C006lAeHMM. 

npeAnaraeMoe ycTpoMCTBO pa6oTaeT 
cneAyioiAMM o6pa30M. 

flMCKpeTHO COCTaBHOM HaCTOTHbIM CMTHan C 

cpa30BOM MaHMnynai^MeM (flCM-*M), 
Bbipa6aTbiBaeMbiM reHeparepoM HecyiAeM 
HacTOTbi 6, MOAynMpyeTca b 6noKe yrnoBOM 
MOAynai_(MM 1 no nacTOTe MnM cpa3e CMTHanoM 
ocHOBHbix coo6iAeHMti. C BbixoAa 6noKa 
yrnoBOM MOAynf^MM 1 CMman nocTynaeT Ha 
bxoa pa3BeTBMTenn molahoctm 2, c BbixoAa 
KOToporo CMrHan pa3BeTBnsieTCfl Ha ABa KaHana, 
b kotopnx ycTaHOBneHbi 6noKM aMnnMTyAHbix 
MOAyn^TopoB 3, 4. B gtmx MOAynarapax 
aMnnMTyAa npMXOAfiLAUx CMrHanoB MSMeHseTCfl 
npoTMBOc}3a3HO no 3aKOHy nepeAasaeMbix 
AononHMTenbHbix coo6iAeHMfi, CHMMaeMbix c 
napacjDa3Horo ycMnMTenn 5. C BbixoAOB 6noKOB 
aMnnnTyAHOM MOflynflL(MM 3, 4 CMTHanbi 
nocTynaioT Ha aHTeHHbi c BepTMKanbHOM 7 m 
ropM30HTanbHOM 8 nonflpM3ai4MeM. 3tm aHTeHHbi 
co3AaioT nonn c opToroHanbHot^ nonspM3aL(MeR 
(llMHeMHOM MnM KpyroBOM). 

CMmanbi, M3nynaeMbie nepeAaioiAMMM 

aHTeHH3MM 7, 8, npUHMMaiOTCfl npMeMHblMM 
aHTeHHaMM 9, 10 C OpTOrOHajlbHOM 

nonnpM3aLineM w nocTynaioT Ha BXOAbi 
cyMMarapa 11 m 6noKa pa3HOCTM 12. C BbixoAa 
cyMMarapa 11 cuman nepe3 cpa30BpamaTenb 
Ha 90° 21 nocTynaeT Ha bxoa 
nepecTpaMBaeMoro o>MnbTpa 24. BapMaHT 
ncnonHeHMfl nepecTpaMBaeMoro cpunbTpa 
npMBeAeH Ha a>nr.4, rAe o6o3HaHeHo: 1 - Knion, 
2 - nonocoBOM cpunbTp, 3 - cyMMaTop. Ha bxoa 
nepecTpaMBaeMoro cpMnbTpa nocTynaeT 
flCH-*M CMrHan (cm. Jl.E.BapaKMH "CMCTeMbi 
CBfi3M c LuyMonoAo6HbiMM CMrHanaMM", M. , "P. m 
C." 1985 r. CTp. 36-38). 

Ha cpMr.5 M3o6pa>KeHa MacTOTHO-BpeMeHHan 

nnOCKOCTb, Ha KOTOpOM LJJTpMXOBKOM BbiAeneHO 

pacnpeAeneHMe GHeprMM flGM-OM CMTHana, 
OTKyAa cneAyeT, hto npM npMeMe LLHIC-OM 
cumana nonoca nponycKaHMfi BXOAHoro 
c^nnbTpa b Ka>KAbiM MOMeHT BpeMeHM Aon>KHa 
6biTb paBHa F, a npM npMeMe flCM-OM CMmana 
OHa Aon>KHa 6biTb paBHa F/N c , rAe N c - HMcno 
nacTOTHbix no3ML4MM flCH-OM-CMTHana. 

BpeMeHHas nocneAOBaTenbHOCTb 
BKmoneHMfi nonocoBbix cpMnbTpoB 2 
onpeAenneTCfl HacTOTHO-BpeMeHHOM CTpyKTypoM 
flCH-OM CMmana. nonoca nponycKaHMn 
cpunbTpoB 2 paBHa nonoce nacTOT Af = F/NC, 
3aHMMaeMOM HacTOTHO-BpeMeHHbiM sneMeHTOM 
cumana, a AnMTenbHOCTb BKnioHeHMfi cpunbTpoB 
2 paBHa AnMTenbHOCTM At HacTOTHO-BpeMeHHoro 
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aneMema cumana. KoMaHflbi ynpaBneHna 
nepecTpanBaeMbiM cjonnbTpoM 24 nociynaioT c 
BbixoAOB ynpaBneHM^ cpunbTpaMM 
flewkicppaTopa 5 KoppenflLiHOHHoro npneMHUKa 
(cM.cpnr.9). C reHepaTopa ncn 6 npneMHUKa Ha 
cooTBGTCTByK)Li^nG Bxoflbi fleLuncpparapa 5 
noAaioTCfl TaKTOBbie HMnynbCbi (cpnr.7a) n 
ycTaHOBOHHbie MMnynbCbi (cpnr.76), 

coBnaflatou^ne c HananoM ncn. 

BapnaHT McnoriHeHMfl fleLuncpparapa 5 
npneMHUKa ncwa3aH Ha cpnr.6, rfle o6o3HaHeHo: 
1 - flennTenb, 2 - perwcip CflBura, 3 - 
KOflonpeo6pa30BaTenb. Ha Bxofl perncTpa 
CflBura nociynaeT yciaHOBOHHbiM HMnynbc, 
coBnaflatoinnW no BpeMeHH c HaHanoM ncn. 
OflHOBpeMeHHO Ha nepBOM Bxofle pemcTpa 
cflBura (7r) noaBJiaeTCfl CHman nori/wecKafi 
"1". B MOMeHT noflBneHMfl nivinyjibca Ha 
tsktobom Bxofle perncTpa CflBura ci/iman 
nornnecKa^ "1" Ha nepBOM BbixoAe perncTpa 
CABura ncne3aeT n noaBnaeTcsi Ha BTopoM 
BbixoAe (cpnr. 7fl). 3th BbixoAHbie HMnynbCbi 
ynpaBJiaioT KnioHaMi/i nepecTpanBaeMoro 
cjDnnbTpa. flejiMTenb ocymecTBiineT fleneHne 

HaCTOTbl CJieAOBaHHfl BXOAHblX TaKTOBblX 

HMnynbcoB (cjDnr.7a) b N c pa3, rfle Nc - hmcjio 
cenvieHTOB ncn, cooTBeTCTByioLLiee HMcny 
nacTOTHbix no3HLiHM flCM-"*M cumana. 
Koflonpeo6pa30BaTerib npeo6pa3yeT BbixoflHow 
KOfl perwcTpa CflBura b koa ynpaBneHHS 
HacTOTOM cnHTe3aTopa 3 npneMHH«a 26. 

C Bbixofla nepecTpaHBaeMoro cpHnbTpa 24 
CHman nocTynaeT Ha KoppejiflL(MOHHbiM 
npneMHUK (cM.cpnr.9), cocronLflHM H3 
nepeMHO>KHTenfi 1, y3KononocHoro cpi/inbTpa 2, 
6noKa o6Hapy>KeHna n ci/iHxpoHH3ai4HM 7, 
reHepaTopa ncn 6, cpa30Boro MOflynarapa 4. 
Pa6oTa KoppenaL(noHHoro npn6MHHKa 
3aKnioMaeTCfl b cpa3npoBaHHw reHepaTopa ncn 
6 n BxoflHoro cumana c noMoiflbio 6noKa 
o6Hapy>KeHMfl m cnHxpoHH3aqnn 7. B stom 
cnynae Ha Bbixofle nepeMHownTena 1 
BbiflenaeTCfl Hecyiflafl HacraTa none3Horo 
cumana. OnribTpai^nfl HecyLfletf nacTOTbi 
ocyLflecTBiifleTcq y3KononocHbiM cpnnbTpoM 2 c 
nonocotf nponycKaHHH, paBHotf nonoce 
cumana Afyctj = 2/T, , rfle T - flnnTeribHOCTb 
cumana. BbifleneHHbiM y3KononocHbiPi curHan 
nocTynaer Ha fleMOflynsTop coo6ifleHnPi 27, 
OTKyfla CHUMaeTca en man ocHOBHoro 

C006meHMfl. 

CurHan Hecymeti nacTOTbi none3Horo 
cumana c Bbixofla nepeMHOJKMTena 1 
npneMHUKa (cpnr. 9) nocTynaeT, KpoMe Toro, Ha 
nonocoBofi cpnnbTp 25, nonoca nponycKaHna 
KOToporo Bbi6npaeTca b K (~2-4) pa3 oonbwe 
nonocbi MHcfjopMaLinoHHoro cumana. 

TaK KaK LunpMHa nonocbi nponycraHMfl 
cjannbTpa 25 3HannTenbH0 MeHbiue nonocbi, 

3aHMMaGMOM LUHpOKOnonOCHblM 

cumanoM Afiunc = N.AF MH <t>, to Ha Bbixofle 
o>nnbTpa 25 BennMUHa moluhocth noMex 6yfleT 
CHHweHa b N/K pa3, T.e. npn N = 1000 
npMMepHO b 250-500 pa3. npn stom 
cooTHOweHne cuman/noMexa CTaHOBHTca 
6onbiue eflUHHi^bi. 

BoccTaHOBneHne ncxoflHoPi cpopMbi 
BxoflHoro flCH-$M cumana ocyiflecTBnneTCfl b 
CMecnTene 23, Ha oflMH bxoa KOToporo 
nocTynaeT OTCpMnbTpoBaHHan Hecyiflaa, a Ha 
flpyron - flCM-OM cuman c Bbixofla c)Da30Boro 
MOflyn^Topa 4 npneMHUKa (cpnr.9). B cpa30BOM 
MOflynflTope 4 BbixoflHOM cuman CMHTe3aTopa 3, 
3aflatorflHM HacTOTHO-BpeMeHHyio CTpyKTypy 
onopHoro flCH-OM cumana, MaHnnynnpyeTcn 
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no cfja3e cumanoM nceBflocnynaPiHoPi 
nocneflOBaTenbHoc™, nocTynaioiflefi c Bbixofla 
reHepaTopa ncn 6. npuneM onopHan ncn 
CMHxpoHHa c MOflynnpyKiLfleM ncn BxoflHoro 
cumana. 

TaKUM o6pa30M, b CMecMTene 23 
nponcxoflUT BoccTaHOBneHne cfjopMbi none3Horo 
BxoflHoro flCH-OM cumana, ho OMnmeHHoro ot 
BxoflHbix ujyMOB. C Bbixofla CMecnTenfl 23 nepe3 
KnioH 20 m aivinnnTyflHbiPi orpaHUHMTenb 17 3tot 
cuman b KanecTBe onopHoro noflaeTca Ha 
cnHxpoHHbin fleTeKTop 15, Ha cnmanbHbiM Bxofl 
KOToporo nocTynaeT curHan c Bbixofla 6noKa 
pa3HOCTM 12, npeflBapnTenbHO 

OTcjDnnbTpoBaHHbiM nepecTpaMBaeMbiM 
qbunbTpoM 13. 3tot nepecTpanBaeMbiW cjsnnbTp 
13 aHanornMeH cpunbTpy 24, anropnTMbi mx 
pa6oTbi TaioKe coBnaflaioT. 

Bbinrpbiuj b noMexo3aiflMLneHHOCTM 
npeflnaraeMoro ycTpoPicTBa flocTuraeTcs 3a 
CMeT npuMeHeHMfl nepecTpanBaeMbix 0nnbTpoB 
13, 24, nonoca nponycKaHnsi Korapbix ^ 
- aWic/MC, rfle N c - KonnHecTBO cenvieHTOB 
ncn, coBnaflaioLflee c HMcnoM nacTOTHbix 
no3MLiHM flCM-0M curHana. nonoca 
nponycKaHMfl BxoflHoro cpunbTpa b npoTOTMne 

He MO)KeT 6blTb MeHbLiie BenMHUHbl Afwnc 

TaKUM o6pa30M, nonoca BxoflHbix 
nepecTpaMBaeMbix cpunbTpoB b npeflnaraeMOM 
ycTpoMCTBe b N c pa3 y>Ke nonocbi BxoflHoro 
qbunbTpa npoTOTMna. CneflOBaTenbHO, 
cyMMapHan MoniHOCTb KoppennpoBaHHbix noMex 
(y3KononocHbix m MMnynbCHbix), nonaflaioiflux Ha 
Bxofl KoppenflL(noHHoro npiieMHHKa, a TaioKe Ha 
Bxofl CHHxpoHHoro fleTeKTopa 15, b N c pa3 
MeHbrue, neM b npoTOTMne, hto h onpeflenaeT 
noBbiixieHne noMexo3aiflnuieHHOCTH 
npeflnaraeMoro ycTpoficTBa. 

BnoKH - aneMeHT 3aflep>KKM 18 n Knion 19 - 
Heo6xoflMMbi flna MCKnioHeHUfl noTepn 
MHcpopMaL(HM, nepeflaBaeMOM no KaHany 
flononHMTenbHbix coo6ifleHMfi flo MOMeHTa 
o6Hapy>KeHHfi MHcfjopMaLiMn Koppenni4HOHHbiM 
npneMHMKOM 26. flo 3Toro MOMeHTa onopHbiM 
cnrHan nocTynaeT Ha bxoa CHHxpoHHoro 
fleTeKTopa 15 c Bbixofla cyMMarapa 11 Hepe3 
aneMeHT 3anep>KKH 18 n Knic-i 19. ripn stom 
curHan c Bbixofla 6noKa pa3HOCTM 12 nocTynaeT 
Ha cnmanbHbiki Bxofl cuhxpohhoto fleTeKTopa 15 
Hepe3 union 16 n aneMeHT 3aflep>KKH 14. 

BapnaHT ncnonHeHna reHepaTopa HecyiflePi 
nacTOTbi 6 noKa3aH Ha cfrnr.8, rfle o6o3HaneHo: 

1 - CHHTe3aTOp HaCTOT, 2 - 0a3OBblM 

MOflynarap, 3 - fleinncppaTop, 4 - reHeparap 
ncn, 5 - onopHbiPi reHeparap AnropnTM 
cpyHKL(/ioHnpoBaHnn reHeparapa Hecyiflen 
nacTOTbi 6 aHanorMHeH anropnTMy ycTpoPicTBa 
cpopMnpoBaHiin onopHoro cnrHana (6noKH 3, 4, 
5, 6 (})Mr.9 KoppennnnoHHoro npMeMHMKa). 

TeHeparap ncn, npuMeHeHHbiM b 
npeflnaraeMOM ycTpoKcTBe, OTnunaeraa ot 
reHepaTopa ncn nporaTuna HannnneM 
flononH^TenbHoro Bbixofla, c Koraporo 

CHMMaiOTCfl yCTaHOBOHHbie MMnynbCbi, 

coBnaflaiomne c HaManoM ncn. TaKMe 
reHepaTopbi ncn onucaHbi b nuTepaType (cm. , 
HanpuMep, neTpoBHH H.T., Pa3MaxHHH M.K. 

"GUCTeMbl CB33M C LUyMOnOfl06HblMH 

CMmanaMn", M., "CoB.paflMo", 1969 r. 
crp.146, pwc.68). 

(Dopwiyria M3o6peTeHnsi: 

YCTpOpiCTBO paflMOCBf!3M C 

npocTpaHCTBeHHOM MOflynflLinePi, coflep>Kamee 
Ha nepeflaioifleii crapoHe pa3BeTBHTenb 
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moluhoc™, Asa BbixoAa KOToporo coeflMHeHbi 
cooTBeTCTBeHHO co BxoflaMM nepBoro m BToporo 
aMnnnTyAHbix MOAynsTopoB, BTopbie BXOAbi 
KOTopbix coeAHHeHbi c BbixoAaMM napacpa3Horo 
ycHJinTenfl, bxoa KOToporo flBnaeTCfl bxoaom 
AononHMTeribHOM MHCpopMai^H, a BbixoAbi 
aMnnnTyAHbix MOflynaTopoB npucoeflUHeHbi 
cooTBeTCTBeHHO k nepeAaioiAHM ameHHaM, npn 
npneMHoti CTopoHe nepBaa m BTopan aHTeHHbi 
npncoeAHHeHbi cooTBeTCTBeHHO k AByM bxoabm 
cyMMaTopa v\ BbMMTaTejin, BbixoA cyMMarepa 
coeAHHeH co bxoaom cpa30BpaLAaTensi Ha 90°, 

CpHJlbTp HI/DKHHX MaCTOT \A ASMOAynflTOp 

ocHOBHbix coo6meHnw, omi/MaioLneecfl TeM, mto 
BBeAeHbi Ha nepeAaiomeM crapoHe 6jiok 
ymoBOM MOflynni^MH, nepBbifi bxoa KOToporo 

flBfiaeTCfl BXOAOM OCHOBHOM HHCj30pMaL4HM, 

BTopoti bxoa coeAMHeH c BbixoAOM reHepaTopa 
Hecymeti MacTOTbi, a buxoa npucoeAHHeH ko 
BXOAy pa3BeTBHTens molahocth, Ha npneMHOM 
crapoHe nocneAOBaTenbHO coeAMHeHHbie 
nepBbM nepecTpanBaeMbiPi cpunbTp, nepBbiCi 
aneMeHT 3aAep>KKM n cnHxpoHHbifi ASTeKTop, 
bnxoa KOToporo coeAMHeH CO BXOAOM CpHJlbTpa 
HH>KHMX HaCTOT, C BblXOAa KOTOpOrO CHMMaeTCfl 

AononHMTeribHafl HHcJ)apMaL4Hfl, bxoa nepBoro 
nepecTpanBaeMoro cpwnbTpa coeAMHeH c 



BbixoAOM BbNUTaTena \a Hepe3 nepBbiPi kjiiom - 
co bxoaom nepBoro aneMeHTa 3aAep>KKM, 
nocjieAOBaienbHO coeAMHeHHbie nonocoBOM 
cpunbTp, CMecnTenb v\ TpeTMM ktiioh, bnxoa 

KOTOporO COeAHHeH C BblXOAOM BTOpOTO KJIKIHa M 

5 nepe3 aMnnnTyAHbiPi orpaHUHMTerib - co BTopbiM 
bxoaom cnHxpoHHoro ASTeKTopa, bnxoa 
c£a30BpaLAaTena nepe3 BTopofi 
nepecTpaMBaeMbifi cpunbTp coeAHHeH co 
bxoaom KopperifmnoHHoro npneMHUKa m nepe3 

w BTopoW aneMeHT 3aAep>KKH - co bxoaom BToporo 
KfiioMa, ynpaBJifleMbiw bxoa KOToporo coeAMHeH 
c ynpaBJiaeMbiM bxoaom nepBoro KnioHa h 
BbixoAOM c}3a30MHBepTopa, bxoa KOToporo 
npucoeAMHeH k ynpaBJifieMOMy BXOAy TpeTbero 
KnioHa h nepBOMy BbixoAy Koppenfli^MOHHoro 

15 npneMHMKa, n BbixoAOB KOToporo coeAMHeHbi 
cooTBeTCTBeHHO c n BxoflaMU nepBoro m BToporo 
nepecTpaMBaeMbix cpmibTpoB, BTopoti bnxoa 
Koppen^unoHHoro npMeMHMKa coeAMHeH co 

BTOpbIM BXOAOM CMeCHTefia, TpeTMM BblXOA 

KoppennL(MOHHoro npMeMHMKa npucoeAHHeH ko 
20 BXOAy nonocoBoro cpmibTpa m MeTBepTbifl - ko 
BXOAy AeMOAynflTopa ochobhnx coo6meHMii, c 
BbixoAa KOToporo CHMMaeTca ocHOBHan 

MHCt30pMaL(Mfl. 
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